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		A Narrative of Architecture in the Conflict Zone

Since the Kurdish regional government in Iraq was established in 1991, the border between
the federal government and the KRG has shifted and is in constant dispute. In 2003, under the
new Iraqi constitution, article 140 identifies the mechanism to settle the disputed areas through the
restoration of all demographic changes and by referendum to decide land claims, to be held no later
than 2007. Since then, many attempts to change the demographics and the cultural characteristic
of the disputed area have been attempted by both governments in order to secure their political and
economic interest in the area. The lack of clarity of the threshold of the disputed area has raised
many issues and led to many conflicts between the two governments. Recent events including the
rise of the terrorist organization, ISIS, which took control of many of the disputed areas for a period
of time, damaged and dramatically changed the demographic and cultural aspects of the region.
This thesis explores the potential of drone mapping supplemented by satellite imagery, historical maps, reconnaissance data, photogrammetric maps, remote sensing data, and ground truth
to launch a spatial investigation into the disputed territories between the Iraqi central government
and the Kurdish regional government. The objective of the thesis is to produce and present architectural evidence and spatiotemporal analysis as an investigation of the changing landscape and architectural forms in which the events and conflicts, triggered by human interference, occurred in the
region are registered on. It attempts to identify and elucidate the continuous shifts and changes to
the disputed border within the region.

Thesis Advisors: Ted Brown, Julia Czerniak, Daniele Profeta
Advisory Group: Tools & Projections

Image Caption: 3D Point-cloud Classification of Skytop Quarry in Syracuse, NY.
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Drone or (Unmanned areal vehicle or system) is a tool that has gained popularity within the last
decade, the word drone is interpreted differently by different people. Drones come in a wide variety of sizes
and shapes with different uses, the topic has a controversial history to it, dating back to the 19th Century...

Unmanned Balloons

The first drone ever documented was in 1849 when
Austria dropped bombs on Venice, Italy by attaching
them to unmanned balloons. These were the first ever
air bombs.*
Fig: Diagram of Ausria’s
Balloon, 1849

1849

Drone History

Application

The history of drones can be divided to three main Phases within the last three centuries. Ranging
from early basic uses in the 19th century to more sophisticated Military systems in the 20th century,
into the modern breakthrough of drones to the public consumers in the 21st century.

19th Century
Innovation
Nikola Tesla
In 1898, Nikolas Tesla invented a radio-controlled toy
which will eventually became the basis of revolutionizing the drone industry. This technology is later to be
used by the British and the US in their guided Missiles
and drone programs.*

Fig: Submergible version of Tesla's remote-controlled craft

Fig: Cross section of the technology used in Tesla’s radio controlled boat
* Ian G. R. Shaw, “The Rise of the Predator Empire: Tracing the History of U.S. Drones”, Understanding Empire, 2014, Accessed November 01, 2018. https://understandingempire.wordpress.com/2-0-a-brief-history-of-u-s-drones/.
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WWI and WWII Autonomous Bombs
The Kettering Bug designed by Charles F. Kettering in General Motors
was a small biplane that carried a bomb to a preprogrammed target
which was launched from the ground, primarily used during WWI.

In 1862, hot-air balloons were used in the American
civil war to gather and telegraph reconnaissance.
Fig: Preparation of Air
balloons during the American
civil war, 1862

The Glide Bomb was designed by Aeronca Aircraft for the US Air Forces
to be used during WWII. This Glide bomb was launched from an
airborne aircraft away from the battle field and was radio controlled to
guide it to its target.
1862
Fig: GB-1 (Glide Bomb), Aeronca, 1940s

1917

19th Century

20th Century
1906

1898
William Eddy
During the Spanish-American War of 1898,
Corporal William Eddy of Colorado took
hundreds of surveillance photographs from a
kite rigged with a long shutter release attached
to its string. This points the first ever unmanned aerial photography that was used to
gather reconnaissance.*

Fig1: Eddy application of kute system, 1896

Early Aerial Photography
In 1906, George Lawrence became famous for his Kite aerial photography of
San Francisco after a devastating earthquake. Lawrence attached a panoramic
camera to a kite system to capture his images with high quality that became the
beginning of unmanned non-military aerial photography.*

Fig2: Eddy Camera mounted Kite, 1898
Fig: Kite system with Panoramic camera mounted on it, George Lawrence, Kite Aerial Photography, 1906.

*”Kites and Kite History - William Abner Eddy - Diamonds in the Sky.” Best Breezes. October 15, 2005. Accessed November 26, 2018. http://best-breezes.squarespace.com/
william-abner-eddy/.
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Fig: Kite system with Panoramic camera mounted on it,
George Lawrence, Kite Aerial
Photography, 1906.

*Baker, Simon. “The 1906 Aerial Photographs of George R. Lawrence.” San Francisco in Ruins. April 27, 2010. Accessed November 26, 2018. http://robroy.dyndns.info/
lawrence/landscape.html.
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WWII Radio-Controlled Aircrafts

The Cold War: Reconnaissance Drone
The Queen Bee
In 1935, the Royal Navy (UK) developed the first
reusable UAV which was designed to be used as an
aerial target during training missions. The UAV was
radio controlled and could fly a maximum distance
of 300 miles. Queen Bee was extensively used by the
Royal navy until they were retired in 1947.

The cold war became a milestone in the advancement of drone
technology in terms of surveillance. 1968 Vietnam war the first
substantial use of UAVs in the United States, drones were used
extensively over Vietnam for surveillance, marking a shift from
being “targets” to remote reconnaissance platforms.

Fig: Fire Bee, Ryan Aeronautical Company, 1962

Fig: Winston Churchill and the Secretary of State for War waiting to see the launch
of the Queen Bee 1930s.

1930s

20th Century

20th Century

1939s

Israel picked up from this point and used drones
extensively in their war against Syria. which saw many
advancements to the technology that put Israel at the
forefront of the Drone warfare.
In 1990s this technology moved to the US and led to
the creation of GNAT-750 drone that was able to hover for long periods of time. In 1994, The predator was
introduced that integrated satellite connection which
allowed pilots to control the drone from anywhere in
the word.

RadioPlanes
In 1939, Reginald Denny and his team developed
large remote-controlled airplane and produced
highly successfully UAV that were launched from
a slingshot and landed via the aid of a parachute.
The U.S. army extensively used the plane as a target
practice in training its army.
Fig: RadioPlane OQ Target, Reginald Denny, 1939.

Fig: GNAT-750, General Atomics, 1993
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The war on Terror: Armed Drone

Consumer Drones

Post 9/11 events lead to the congress passing a bill to weaponize drones to be used in counter terrorism attacks
which lead to the creation of the famous predator hellfire that reformed the modern warfare and questioned
ethics and integrity of using such weapons.
This model became a base for future warfare drones such as the Eagle program by CIA that develops stealth and
high-tech drones.

Professional Movie Set

Enterprise Surveying

Agriculture

Amateur Photography

DJI Inspire 2, DJI, 2016

DJI Matrice, DJI, 2017

DJI AGRAS MG, DJI, 2017

Mavic Air, DJI, 2018

Eagle Program CIA
RQ-170 , Stealth Drone, 2011
2001

2011

2016

21st Century

2018

21st Century

2002

2006

The Pathfinder, developed by AeroVirnonment, Inc., is a lightweight wing drone that is
solar-powered from solar arrays covering most
of the upper wing surface. Pathfinder is designed to stay aloft for long periods of time up
to months of continouos flights on scientific
sampling and imaging missions.
Pathfinder is one of several remotely piloted
aircraft being evaluated under NASA’s Environmental Research Aircraft and Sensor Technology
(ERAST) project.*

Phantom, DJI, 2013

DJI, a drone manufacturer based in Shenzhen, China, was founded in 2006 which revolutionized the drone industry and innovated
the use of drones to be widely integrated into consumer, commercial, and enterprise sectors in a short period of time. DJI released
several drone models between 2013 - 2018 including Phantom
series, Inspire, Mavic, and Matrice in which were each dedicated
to a certain consumer type.
Today, DJI dominates the consumer and commercial drone sector
by 72% and continues to innovate more intelligent systems.*

Inspire, DJI, 2014

*Dunbar, Brian. “NASA Dryden Fact Sheet - Pathfinder Solar-Powered Aircraft.” NASA. August 06, 2015. Accessed November 22, 2018. https://
www.nasa.gov/centers/armstrong/news/FactSheets/FS-034-DFRC.html.

*Luna, Thomas. “10 Facts about DJI!” WeTalkUAV.Com. April 25, 2018. Accessed November 26, 2018. https://www.wetalkuav.com/10-facts-dji/2/.
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Geo-fencing (No-flyz Zone)
Before getting into the topic of drone mapping, it is necessary to understand the limitations of the accessible areas by drones that are imposed in order to restrict access which in turn might affect the boundaries in which a
mapping flight can be carried out.
The rising popularity of
Drones lead to many incidents
and breached of safety and privacy that forced drone companies to implement no-fly zones
with geographical boundaries
to limit drone use in critical
areas. These invisible boundaries are used over stadiums,
airports, government buildings,
etc.
These invisible boundaries contribute to the spatial
significance of the specified
zone and the privacy and security concerns that lie within its
boundaries.

Drone Mapping

9

Manhattan, New York.

Syracuse, New York.

Iraq and Syria, ISIS War Zone

Washington, DC
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Surveying

Surveying - Architectural Heritage and Preservation

One of the major uses of a drone in the professional world
is Surveying or 3D scanning of landscape and buildings. The geo
referencing of data and the autonomous flight abilities along the ease
of use of the drones have led to the increased use of this technology,
as well as the development of many platforms and software specific to
drone photogrammetry use in terms of acquiring accurate sets of data
and producing precise 3D models of the landscape. The date collected
from the drone is used in 3D photogrammetry platforms to convert
them into accurate 3D models that are measurable and useful in
terms of evaluating elevations, topography, and physical conditions of
the site.

one of the most prominent areas that aerial
surveying is becoming popular in is the preservation and
conservation of historical sites around the world. Drones
are being used to make precise 1:1 scale versions of monuments and historical buildings to be preserved as well
as being used to inspect and preserve historical buildings
such as the great wall of china.

SUMO, Historic preservation scanning, 2017

acquiring Aerial images for the 3D photogrammetry
Software: Dronedeploy App

Fig: Reconstructing heritage assets in Ireland, Aerial Eye, Ireland, 2016.

Model process throught Pix4dmapper software

Model process throught Pix4dmapper software

Infrared and RGB models, Tarek Rakha, 2018
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Fig: Great Wall of CHina, Intel, 2018
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Site and Tool

Field Experiment

Skytop Quarry, Syracuse, New York

After the research of the history of the drones and its current uses within the profession, a field experiment is conducted on Skytop Quarry nearby South Campus housing of Syracuse University. The Site is
an abandoned quarry on an open field that enables the Drone to be freely deployed throughout the site. The
goal of the experiment is to deploy the tool (drone) on the site and investigate what the tool enables us to see,
what are the limits and parameters of the tool, and what are the potentials of the use of the drone for the field
of Architecture.

During the field experiment, the specific drone model that is used to be deployed on the site and
conduct the field experiment with is a DJI Mavic Pro Quadcopter manufactured by DJI. The quadcopter
drone has an onboard GPS system along with an onboard computer that allows the drone to autonomously
collect and capture geo-referenced photographs along a preplanned waypoint path. The drone is powered by
a Lithium-ion battery that can fly up to 27 minutes. In the case of large mapping sites, multiple batteries are
used to carry out multiple flights in order to map the whole site.
+30˚

Tool: DJI Mavic Pro
Quadcopter Drone

0˚

Up to 4.3mi (7km) Transimission
Distance

Camera: 12 MP
Lens: FOV 78.8˚ 26 mm
Image Size: 4000x3000
Pitch: -90˚ to +30˚

-90˚

Remote Control

SmartPhone
(Applications)
GPS Equipped Drone
Georeference Images
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Pre-flight Process

Aerial Photogrammetry
Aerial Photogrammetry is the process of utilizing a drone or aircraft to produce aerial photography,
which can be turned into a 3D model or mapped digitally. *

Prior to the Flight, a pre-flight waypoint plan was processed using Dronedeploy’s online platform
in which the parameters of the scanned area were designated along with other information including flight
altitude, image sidelap and image frontlap

Image projection

Image Overlap

Covered Area: 95 Hectares
Flight Duration: 1h 40min
Images: 2061
Flight Altitude: 300’
Sidelap: 75%
Frontlap: 80%
Planned Via DroneDeploy APP

3D Point Construction

Autonomous Flight Path

Photogrammetry mapping
is the science of making measurements from photographs. The
output from photogrammetry software is typically a 3D map, a 3D
drawing or a 3D model of some
real world object or land mass.*

300’
100’

* Corrigan, Fintan. “10 Best Photogrammetry Software For 3D Mapping Using Drones.” DroneZon. October 06, 2018. Accessed November 23, 2018. https://www.dronezon.com/learn-about-drones-quadcopters/drone-3d-mapping-photogrammetry-software-for-sur-
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Aerial Photogrammetry (Continued)
Images Collected
FrontLap

80%

Image per dot
Sidelap

75%

%75 Sidelap

Process Area Via Pix4dMapper

Flight path Spacing
100’

The acquiring of Drone photographs to construct a 3D model or
a 3D map is based on set parameters in which the photographs are taken
within. These parameters are setup using mapping software or Drone Apps
that support waypoint planning, the parameters include the field of vision of
the camera, altitude of the drone in which the photographs will be taken at
in relation to the take-off point of the drone, and the front and side overlap
of the photographs. These parameters are then calculated into a waypoint
pathway that is spaced to accommodate the specific overlap of photographs
on the desired mapping site in which the drone will be deployed at.

Altitude:
300’

Image Overlap

NADIR
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3D Photogrammetry
The collected Photography from the Site is then collected and proccessed through ‘Pix4d Mapper’ which is a
software that uses Photogrammetry and computer vision algorithms to transform both RGB and multispecral images into 3D maps and models.*

The produced 3D point-cloud and the texture mesh model are accurately measurable and Geo-located,
which can then be classified, segmented, be used to measure volume and area within the software or it can be exported as many mesh and point-cloud files that are compatible with most of the current CAD Software’s including,
Rhinoceros 3D, AutoCAD, and Autodesk 3ds Max.

Figure: Orthomosaic and the corresponding sparse Digital Surface Model (DSM) before densification, Pix4d Mapper quality report.

Figure: Screenshots of the skytop quarry model in Pix4d mapper

Fig: Top view of the textured mesh produced in Pix4d Mapper along with serial sections produced through Rhinoceros 3D.

* Trout, Christopher. “Pix4D Turns Your 2D Aerial Photographs into 3D Maps on the Fly”, “Engadget”, 7 May 2011.
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Point-Cloud Classification
Generally, the produced point-cloud from aerial imagery can contain millions of points, in the case of this
field experiment it produced around 250 million points. Point-cloud classification then becomes an important part
when dealing with large number of points in order to identify and separate different sets of data to make the analyzing process more efficient and accurate.
Pix4d Mapper uses a deep machine learning algorithm that is integrated into the software in order to segment and classify the point-cloud models*. The software uses machine-learning technology to help the system
“learn” how to classify point clouds by taking advantages of imagery-based, machine vision techniques to maximize
the algorithm’s ability to quickly, robustly, and repeatedly classify the point cloud data derived from the photogrammetry engine. The system “learns” to identify buildings, trees, hard ground surface, rough ground and human-made
objects. This learned behavior is then integrated into the core of the main software which uses the learning dataset to
classify user’s point-cloud and photogrammetry models.*
Pix4D Mapper currently classifies the points into five different classes which are:

- Road Surface: this class is mainly roads, sidewalks and ground pathways.
- High Vegetation: this class mainly segments trees and vegetation above the ground level.

Point-Clouds

* ”Automatic Point Cloud Classification for Construction.” Pix4D. November 1, 2017. Accessed November 23, 2018. https://www.pix4d.com/blog/construction-surveys-point-cloud-classification.
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Ground Texture
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Vegetation

Ground

25

26

Buildings

Human Intervention
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Ground Texture
Ground/Roads and Pathways
Vegetation/Trees
Buildings/Vertical Edges
Human Made Objects/Interventions
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Historical Maps Overlay
One of the advantages of having accurate
Point-cloud data from aerial images of a drone is
the fact that the images are geo-referenced with the
exact GPS location which in turn makes all of the
point-cloud geo-referenced in its current location in
the world. This property of the point-cloud along
with the high quality that can reach up to 1cm/
pixel allows us to precisely and efficiently analyze
the landscape of the designated site from historical
maps and recent satellite maps and compare it to
the up-to-date point-cloud map to detect patterns
and changes within the landscape.
In this example, an aerial map from 1981
acquired from earth explorer is used to overlay the
new photogrammetry map on top of in order study
and detect the changes that have occurred between
the two.

Acquisition Date:16-APR-1981
Source: Earth Explorer, USGS

Acquisition Date:27-MAR-1995
Source: Earth Explorer, USGS
33
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Field Experiment and Tool Conclusion

What does Drone Mapping enable?
- Autonomous collection of Photographs for Photogrammetry
- Up to 1cm/Pixel maps
- Mapping of up-to-date physical and spatial conditions
- Construction of measurable 3D maps and Point-clouds
- Geo-referenced photographs and maps
- Spatial segmentation and classifications of objects on point-cloud

Drone limitations as a Mapping tool:

Moving Forward
As a conclusion of the experiments conducted on the quarry, Drones or unmanned aerial vehicles have a lot
of potential to change the way we see the landscape and eventually be conceptualized in the architecture field as an
important tool in which use to interact with the landscape and our built environment. The creation of accurate 3D
point-clouds that are geo-referenced and can be accurately measured, quantified, segmented and classified allows us
to analyze and detect changes within the landscape more efficiently. This becomes an important tool to use when
studying the special characteristics of a site and become the lens in which we use to investigate and elucidate and
project certain phenomenon within our build environment.

- Flight height and distance restrictions
- Short battery life of the drone
- No-fly zone boundaries
- Construction of complex 3D objects such as dense forests
- Large datasets and computation power

Errors of Drone Mapping:
- Poor 3D construction of reflective surfaces such as water and ice
- Misreading of Vertical cliffs and large stones as buildings in classification process
- Errors in point-cloud classification of tree trunk as human made object

Architectural Potential in Drone Mapping:
- Spatial studies of 3D models and point-clouds
- Ground truthing of the physical conditions of the site
- Collection of patterns and data to be compared to historical maps and images
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Thesis Statement

Since the Kurdish regional government in Iraq was established in 1991, the border between the federal
government and the KRG has shifted and is in constant dispute. In 2003, under the new Iraqi constitution, article 140 identifies the mechanism to settle the disputed areas through the restoration of all demographic changes
and by referendum to decide land claims, to be held no later than 2007. Since then, many attempts to change the
demographics and the cultural characteristic of the disputed area have been attempted by both governments in
order to secure their political and economic interest in the area. The lack of clarity of the threshold of the disputed area has raised many issues and led to many conflicts between the two governments. Recent events including
the rise of the terrorist organization, ISIS, which took control of many of the disputed areas for a period of time,
damaged and dramatically changed the demographic and cultural aspects of the region.
This thesis explores the potential of drone surveying supplemented by satellite imagery, historical maps,
reconnaissance data, photogrammetric maps, remote sensing data, and ground truth to launch a spatial investigation into the disputed territories between the Iraqi central government and the Kurdish regional government. The
objective of the thesis is to produce and present architectural evidence and spatiotemporal analysis as an investigation of the changing landscape and architectural forms in which the events and conflicts, triggered by human
interference, occurred in the region are registered on. It attempts to identify and elucidate the continuous shifts
and changes to the disputed border within the region.

Fig: Map showing the Kurdistan Region of Iraq based on the 2003 Green Line.

Fig: Map showing all the claimed territories by Kurdistan Region under Article
140 of the Iraqi Constitution

Fig: Map showing the Territories under Kurdish control after the US invasion
of Iraq.

Fig: Map showing the evaluation of Territorial claims based on election results
of Pro-kurdish parties in the disputed areas.

Source: “Iraq’s Disputed Territories,” by Sean Kane, United States Institute of Peace, 2011.
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KRG Territory between 1991-2003

Internal Border Conflict
Although the official border of the KRG government is defined by the 2003 Green, the territorial control
shifts according to the political and militaristic conditions of the disputed region. The disputed region is rich in
natural resources and arable land that it makes it a critical region for both governments to hold on to. The timeline
of the territorial control over the Disputed Region is outlines in the following maps...

The Kurdish Nationalist uprising and the implementation
of the No-fly zone which became the bases for the Kurdish
Autonomy.
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KRG Territory between 2003-2008

ISIS Controlled Territory 2014

The US-Invasion of Iraq in 2003, led to the participation of
the Peshmarga forces (KRG Army) as a major ground force
and later controlled most of the territories it liberated.

The rise of the Terrorist organization ‘ISIS’ and their control of
a large area of the disputed region for a period of time, affected
the kurdish and minorty populations within those areas and
dramatically shifted the demographics of the region.
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KRG Recovery of Territory From ISIS 2015-2016

KRG Retreat to the Green line October 16, 2017

The Counter attack on ‘ISIS’ by the coalition forces and the
Peshmarga, led to the liberation of the most of the disputed region
by the KRG, which in turn took this as an opportunity to regain
control over most of the disputed areas.

After holding the Independence Referendum by the KRG in most
of the disputed areas, the Iraqi Central government retaliated with
a major offensive and forced the KRG back north in cost them
the loss of 40% of their controlled region.
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The Disputed Internal Border of Iraq
Zakho
Dahuk
Zumar

Fayde
Warna

Sinjar

Tal Afar

Sheikhan
Tilkaef

Akre

Bashiqa

Mosul
Hamdaniya

Erbil

Makhmour
Kirkuk

Suleymaniya

KRG Governorate
ISIS Controlled Areas 2014-2017 (Approx.)
Disputed Area
Oil Reserve

Baghdad

2003 Green Line
KRG Border as of November 2017
Sub-districts Border
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The Systematic Destruction of Villages in the Disputed Region
The KRG Forces were accused by a Human Rights Watch in a report called “Marked With An “X”” by destroying villages and homes in conflicts with ISIS after liberating those villages. The report bases its evidence on satellite imagery from the period the Iraqi Kurdish forces liberated the villages to show a pattern of destruction of Arab
houses and villages in the disputed region of northern Iraq. The following satellite images were taken of villages after
being recaptured by KRG forces. However, a thorough ground truth analysis is missing from the report that could
show the type of destruction that occurred in the sites, the destruction could be a result of IEDs planted, air strikes,
burning, or demolition. By using drone mapping technologies, and 3d point cloud construction, a careful analysis of
these building can detect the method of destruction registered in the remaining architecture within these villages.

Map from “Marked With An “X”” Human Rights Watch Report.
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